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RESEARCH MEMORANDUM

INVESTIGATION OF THE AERODYNAMIC CHARACTERISTICS IN
PITCH AND SIDESLIP OF A 45° SWEPT-WING AIRPLANE

CONFIGURATION WITH VARICUS VERTICAI: LOCATIONS
OF THE WING AND HORIZONTAL TATL

STATIC LATERAT, AND DIRECTIONAL STABILITY;
MACH NUMBERS OF 1.41 AND 2,01

By M. Leroy Spearman and Ross B. Robinson

SUMMARY

An investigation has been conducted in the Langley Y- by 4-foot
supersonic pressure tunnel to determine the effects of wing and
horizontal-tail vertical location on the aerodynamlic characteristics
in sideslip at various angles of attack for a supersonic ailrplane con-
figuration at Mach nmumbers of 1.41 and 2.01. The basic model was
equipped with a wing and horizontal tail, each having 450 gweep and
an aspect ratio of 4. The wing had a taper ratio of 0.2 and NACA
65A00k sections; the horizontal teil had a ‘taper ratio of 0.4 and NACA
65A006 sections.

The configurations investigated included a high-~wing, a midwing,
and a low-wing arrangement, and four different horizontal-tail loca-
tions varying from a position 0.208 semispan below to 0.556 semispan
above the body center line. Tests were made with the horizontal tail
on and off, the vertical tail on and off, and with the wing both on and
off. TIn addition, the midwing configuration with horizontal tail off
was tested with & series of vertical ‘tails having quarter-chord-line
sweeps of 10.8°, 35°, L7°, and 60°.

The results indicated that the directional stzbility in the Mach
number range from 1.4 to 2.0 was higher for the low-wing configuration
and lower for the high-wing confligurstion as a result, primsrily, of
the induced sidewash effects on the afterbody and tail. The use of the
high wing provided a positive dihedral effect whereas the use of the low
wing provided a negative dihedral effect. TIn genersl, the effects of
wing position on directional stability and effective dihedral were simi-
lar to those that occur at subsonic speeds.
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INTRODUCTION

The experimentally determined effects of wing and tail position on
the aerodynamic characteristics of generalized aircraft configurations
can be of considersble usefulness to the designer in the estimation of
the stability and performence of similar specific configurations. In
addition, such generslized results may be useful in the evaluation of
various calculative methods for the prediction of the serodynsmic charac-
teristics of airplanes. A considerable amount of such experimentel data
is available at low speeds (refs. 1 to 4, for example) wherein the influ-
ence of both plan form and position of wings and tails has been deter-
nined from wind-tunnel tests of models simulating high-speed aircraft.
Similar Investigations have been extended to high subsonic Mach numbers
(for example, refs. 5 to 9) and some results concerning the effects of
tail and wing location on the longitudinal and lateral charecteristics
of some rocket-propelled models have been obtained through the trensonic
speed. range (refs. 10 to 12). A limlited amount of such experimental
data is available in the supersonic speed range. One example is the
investigation reported in reference 13 in which the effects of wing
vertical locatlon on the longitudinal characteristics of wing-body com-
binations were determined in the Mach number range from 0.61 to 0.91 and
from 1.20 to 1.90.

In order to provide additional results of general interest to the
designer for the supersonic speed range, an investigation has been con-
ducted in the Langley 4- by L-foot supersonic pressure tunnel at Mach
nurbers of 1.41 and 2.0l to determine the effects of wing vertical
location and horizontal-tail vertical location on the longitudinal and
lateral aerodynamic characteristics of a complete model having a
45 swept wing and tail. The basic results, without analysis, are pre-
sented for a Mach number of 2.0l in reference 4. An anslysis of the
effects of wing vertical location and geometric dihedral for the wing-
body combination at a Mach number of 2.0l is presented in reference 15.
The static longitudinel stability and control charecteristics at a Mach
nunber of 2.0l for the high-wing, midwing, and low-wing configurations,
each with four different vertical positions of the horizontel tall, are
presented in reference 16. This paper presents the static lateral and
directional stability characteristics at Mach numbers of 1.41 and 2.01
for various wing and tall arrangements.

SYMBOLS

The results are presented es coefficlients of forces and moments
referred to the body axes system (fig. 1) with the reference center of
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moments located et 25 percent of the wing mean geometric chord. The
symbols are defined as follows:

Cy lateral-force coefficient, E%

C; rolling-moment coefficient, MX_
asSb

Cn yawing-moment coefficient, MZ—
aSb

Fy force along Y-axis

Mx moment about X-axis

My moment eabout Z-axis

a free-stream dynamic pressure

S wing ares including body intercent

Sv exposed area of vertical tail

b wing span

c chord

wing mean geometric chord

@ angle of attack, deg

B angle of sideslip, deg

A angle of sweep, deg

A taper ratio

A aspect ratio

M Mach number

CnB directional stability derivative
CZB effective dihedrel derivative
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CYB lateral-force derivative

Designation of airplane corponents:

B body

W wing

v vertical tail
" horizontal tail
Subscripts:

H high

L low

MODEL AND APPARATUS

A drawing of the model is shown in figure 2(a) and the geometric
characteristics of the model are presented in table I.

The model fuselage was a body of revolutlon having a length-diameter
ratio of about 11 and was corposed of a 5.5-caliber ogive nose, a cylin-
dricel midsection, and a slightly boattail rear section. The fuselage
coordinates are given in table II. The wing had a quarter-chord-line
sweep of 450, an aspect ratio of 4, a taper ratio of 0.2, and NACA
65A004 sections in the stream direction. The horizontal tail had a
quarter-chord-line sweep of 45°, an aspect ratio of 4, a teper ratio
of 0.6, and NACA 65A006 sections in the stream direction. The model
was equipped with a vertical tall with relatively thick slab-type sec-
tlons to facilitate mounting of the horizontal tail and a small ventral
fin. The position of the horizontal taill was varleble from a point
below the body on the ventral fin (0.208b/2 below body center line;
designated tail position number &) to three positions above the body on
the vertical tail (0.208b/2, 0.382b/2, and 0.556b/2 above body center
line; designated &s tail positions 3, 2, and 1, respectively). The
uppermost location (tail position 1) was atop the vertical tall and
corresponded to a T-tall arrangement. A series of swept vertical tails
having hexagonal sections was also provided. (See fig. 2(b).) The model
was designed so that the wing could be located in a low, middle, or high
vosition. The dihedrasl and incidence angles of the wing and horizontal
tail were zero.
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Force measurements were made through the use of a six~component
internal strain-gage balance. The tests were made in the Langley 4- by
h_foot supersonic pressure tunnel which is described in reference 17.

TESTS, CORRECTIONS, AND ACCURACY

The conditions for the tests were:

Mach number . . . « & ¢ & o o « « o « o o« g & « « L1 2.01
Stegnation temperature, °F . . . . . .. . . . . 100 110
Stagnation pressure, lb/sq in. @bs . . . « .« . . 10 12
Reynolds number based on ¢C « s e e e e 1.72 x 106 1.66 x 106

The stagnation dewpoint was maintsined sufficiently low (-25° F or less)
so that no condensation effects were encountered in the test section.

The sting angle was corrected for the deflection under locad. The
Mach number variation in the test sectlon was approximately 0.0l and
the flow-angle variation in the vertical and horizontel planes did not
exceed about +0.1°.

The estimated errors in the individual measured gquantities are as
follows:

CY o o o ¢« ¢ o o s 4 4 4 4 e e 4 e e s e e s e e e e e e +0.001

Ch v ¢ v v e e e e e e e e e e s e e e e e e e e e e e +0.0005

Cg v ¢ ot e & e 4 s e s s e e e s e e e e e e e e e e e e +0.0004

By Q88 -« ¢« v ¢« ¢ttt i e e i e s e e s e e e e e e e e £0.2

Gy Q8E ¢ ¢ ¢ ¢ ¢ o 4 e b e s 4 s s e e e e e e e s e e e e +0.2
DISCUSSION

The variations of Cp, C;, and Cy with angie of sideslip at

angles of attack of epproximately O° and 15.3° for various configura-
tions at M = 1.41 are shown in Tigures 3 to 5. These figures which
are typical of the data obtained serve to indicate the linearity of the
results. Varlations of the sideslip derivatives Cnﬁ: CZB, and CYB

throughout the angle-of-sttack renge for M = 1.4l were then determined
with the increments obtained from tests in which the sideslip angle was
held constant at 0° and 4° while the angle of attack was varied.
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The sideslip derivatives for the basic model at M = 2.01L were
obtained from reference 14, the necessary conversions beilng made from the
stability-axes system to the body-axes system.

Effects of Wing Position

Directional stebllity.- The effects of wing position on the direc-
tional characteristics throughout the angle-of-attack range for various
model configurations are presented in figure 6 for M = 1.41 and 2.01.
In genersal, the directional stability derivative Cnﬁ with the tail on

is righest for the low-wing configuration and lowest for the high-wing
configuration at both Mach numbers. At the higher angles of attack,
Cn3 decreases for each wing position. With the vertical tail off, an

opposite effect occurs in that the level of instability at angle of
attack is less for the high wing and greater for the low wing. These
effects are similar to those that occur at subsonic speeds. (See ref. 1.)

These characteristics apparently result in part from the sildewash
disturbance caused by the wing-body juncture. This sidewash, as polnted
out in reference 1, results from the differential wing pressures near
the wing root that are created by the lateral component of velocity due
to sideslip. TFor the high-wing case this sidewash is adverse sbove and
favorable below the center of the wing wake. The reverse is true for
the low-wing case. Hence, &t zero angle of attack, the afterbody lies
in the samre type of flow reglon for either wing position and the values
of CnB for the tail-off configurations are essentially unchanged by

wing position. With increasing angle of attack, the low-wing arrange-
ment becomes increasingly unstable since the afterbody moves down through
a region of adverse sidewash. For the high-wing arrangement, there is
sonme reduction in the instability with increasing angle of attack as

the afterbody moves down through a region of favorable sidewash and into
an undisturbed flow region.

With the addition of the vertical tail at o = 0°, each configu-
ration becomes stable at both Mach numbers. However, the tail contri-~
bution to CYB and CnB is less with the high wing since this arresnge-

ment places the tail in a region of adverse sidewash. With increasing
angle of atbtack, the tall contribution continues to decrease Tor the
high-wing srrsngement as the tail passes through the region of adverse
gidewash. For the low-wing arrangement, there is some increese in tail
contribution with ircreasing angle of attack as the tall passes through
2 region of favorable sidewash.
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There 1s relatively little change in C with engle of attack for

ng
the midwing and wing-off configurations with the tail removed except at
the higher angles of attack at M = 2.0L. This result might be expected
since at the lower angles of attack these arrangements are essentially
symmetric whereas at the higher angies of attack there is a possiblility
of esymmetric vorticity appearing in the body flow field.

The midwing and wing-off configurations become stable when the verti-
cal tall is added. Bowever, with increasing angle of attack, the tall
contributions to CYB and Cn[3 for these configurations also decrease

and, in fact, the wing-off model at M = 2.01L becomes directionally
unstable. This result is an indicetion of the effect of forebody vortic-
ity on the tail contribution. This effect is also present for the wing-on
cases snd the resultant directional cheracteristics are caused by a com-
bination of the forebody vorticity and the wing~body Induced disturbance.
It is interesting to note that, for the tall-on configurations at the
higher angles of attack for M = 2.01, the addition of the wing resulted
in higher stability than that obtained for the wing-off case. The fact
that this was true even for the high-wing arrangement, which in itself
provides a destabilizing sidewash at the tell, indicates that the posi-
tion and possibly the existence of the forebody vortex is affected by

the presence of the high wing.

It might be pointed out that, in addition to the expected difference
in level in CnB and CYB between M = 1.41 and 2.01, the effects of
wing height appear to be less at the higher Mach number. This condition
may result in part from a reduction in vortex strength for the wing-body
induced flows as the wing lift-curve slope decreases. However, the
decrease in wing-height effects at M = 2.01 might also be expected
because of the lower tail lift-curve slope which, even for a constant
sidewash angle at the tail, would result in a smaller incremental change
in tail contribution.

An edditional effect to consider is the change with angle of attack
of the dynamic pressure in the wing flow field. This change Involves an
increase in dynamic pressure below the wing and a decresse in dynamic
pressure above the wing for positive angles of attack. The effects of
these changes ere relatively small up to M =~ 2. Above M = 2, hLowever,
the dynamic-pressure changes become large and, when coupled with the fact
that the wing Mach lines are swept back more nearly over the afterbody and
tail, may outweigh the effects of vorticity.

Effective dihedrzl.- For both Mach numbers the effect of wing posi-
tion on the rolling-moment characteristics is To increase the dihedral
effect (_CZB) for the high wing and to reduce the dihedral effect for the

low wing with the vertical tail on or off. (See fig. 6.) This change in
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dihedral effect is similar to thkat which occurs at low speeds (ref. 1)
and is a result of the lateral component of velocity about the yawed
tody which induces a positive lift for the leading wing and a negative
1ift for the tralling wing for the high-wing arrangement whereas the
opposite effect occurs for the low-wing arrangement.

Effect of Horizontal-Tail Position

Directional stability.- The effects of horizontel-tail position on

an at M = 1.41 and 2.0L s&re relatively small. (See fig. 7.) In

general, the addition of the horizontal tail in any position at zero
incidence results in some increase in CnB because of the end-plate

effect on the vertical tail. However, as pointed out in reference 18,
when the horizontal tail is deflected in a direction to provide longitu-
dinal trinm (trailing edge up), the result is an increase in CnB for

the low tail and a decrease in Cn'3 for the high tail.

Effective dihedral.- The additlon of the horizontal tail has a
significant eifect on CzB (fig. 7) wherein the low tail provides a

reduction in dihedral effect and the high tail provides an increase in
dihedral effect at both Mack nuirbers for all wing positions. This trend
1s consistent withk that to be expected from the interference effects of
the horizontal tall on the vertical tail. The effectiveness of the ven-
tral fin is increased by the presence of the low horizontal tail so thet
an increment of negative dilhedral effect is provided. With the higher
tails, the effectiveness of the upper vertical tell is increased so that
an lncrement of positive dihedrel effect 1s provided.

Effects of Vertical-Tail Sweep

Tne effects of vertical-tall sweepback on the sideslivp derivatives
of the midwing configuration with the horizontal taill off at M = L.hl
ani 2.01 are shown in figure 8. In genersl, the moderately swept
(35° and 47°) tails eppear to provide slightly better directional charac-
teristics than either the 10.8° or 60°C swept taile. These results are
dependent ipon various interrelated effects that accompany such tail
wodifications. The change in lift-curve slope of the tail with increasing
sweepback is falrly small. However, with increasing sweepback the effec-
tive morent erm of the tail increases while the carryover letersl-force
interference effect between the body and the tail decreases. The maxi-
mum benefits of the effective tail moment arm and of the interference
effects appear to occur at the moderate sweeps.
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Effect of Ventral Fin

The effect of the ventral fin on the sideslip derivatives at M = 2.01
for the midwing model with the horizontal tall off are shown in figure 9.
The ventral fin provides an increase in lateral force and directional
stebility that is relatively unaffected by increasing the angle of attack
since the ventral fin is located in an essentially undisturbed region of
flow.

CONCLUSIONS

The results of an investigation of the static lateral and direc-
tional stability characteristics of a 45° swept-wing airplane configura-
tion a2t Mach numbers of 1.41 and 2.01 indicated the following conclusions:

1. In general, the directional stabllity is higher for the low-wing
configurations and lower for the high-wing configurations at both Mach
numbers as a result, primarily, of the induced sidewash effects on the
aiterbody and tail.

2. The use of the high wing provided a positive dihedral effect
whereas the use of the low wing provided a negative dihedral effect for
the configuretion either with or without the verticzl tail.

3. In general, the effects of wing position on the directional
stablllity and effective dihedral were the same as those that occur at
subsonic speeds.

Langley Aeronsutical Leboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 7, 1957.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:

Area, SQ Il. ¢ ¢ « « o o o o & = o o e s 4 e e e e 4 e e 1k
Span, In. o &« ¢ 4 4 4 4 4 4 e e e e e e e e e e e e e e e 2k
Root chord, in. .« . . ¢ o ¢ &« & ¢ o o o s o o o o o o« o o = 10
Tipchord, In. . « ¢« ¢ ¢ & o« ¢ & ¢« ¢ « & & = ¢ o « = « « &+ « 2
Taper rati0 . ¢« ¢ ¢ o ¢ o o o o o o o s ¢« s o s o s o s o = 0.2
Aspect ratio . . . e o o o s e 8 s s & s 8 & s w e a & & @
Mean geometric chord INe ¢ ¢ o ¢ o ¢ ¢ o s e o s e a o . 6.89
Spanwise location of mean geometric chord, percent

Wing SemisSpan « « ¢ « « ¢ s o 4 4 s 4 @ 5 @ 4 s o« 8 o« 4 » 38.9
Incidence, @8Z « « + + ¢ « ¢ o « ¢ o o « o = o s o ¢ o o o
Sweep of quarter-chord line, deg . . « « « « « = o « « « « 45
Airfoll section .« « « « 4 o o ¢ ¢ o o o o« « « « - « . « NACA 65A00:

Horilzontal tail:
Area, sqin, . . . . . .
Span, in. . . . <« . . .
Root chord, in. . . . .
Tip chord, in. . . . . .
Taper ratio . « . « . « . .
Aspect ratio « & ¢ ¢ 4 4 4 i e 4 e e 4 @ 4 s e s e = =
Sweep of quarter-chord line, deg . . . . « « ¢« « « . .
Airfoil section . . ¢ & ¢ ¢ ¢ ¢ o o 4 a o s o ¢ s o

28.6
e et e e e e e e e e e e e e . l0.73
. 3.353
e e et e et e e e e e . 2.012
. . 0.6

I

. . k5
NACA 65A006

Basic vertical tall (excluding ventral fin):

Area to body center line, sqg In., . . . « « ¢« ¢ ¢ « 4 4 o . . 43.5
Spen from body center line, In. . . . & « « & ¢ & &« « & s & 7.48
Root chord at body center line, im. . . . . . « + & &+ &« .« . 8.17
Tip chord, iN. « & o o v & ¢ ¢ ¢ o o o o o o o « o o o o o & 3.4k
Taper ratio o v « ¢ o« ¢ ¢ o o o= o « & s s ¢ o s b e o o o 0.h2
Aspect ratio . . . . 4 4 i 4 4 d 4 e e e e e 4 e e e e s a 1.29
Sweep of leading edge, deg . « « « o ¢ « + ¢« ¢ ¢ o o o o o o 35
Airfoil section . . . . . . . . . Wedge nose, slab sides with con-

gtant thickness of 0.437 inch

Ventral fin:
Exposed area, 5 IN. . + &+ o & + o & o o s o o o o 4 o @ . . 8.54
Tip chord, ifte ¢« « « &« & o &« o & « o o o o s o o a s o a a = 35.25
Sweep of leading edge, deg . « « « &« « o« o o o o o« o o = s o T0.1

Body:
Length, in. . . . s T
Diameter (maximum), 5+ Y 3.33
Diameter (base), in. . « « v ¢ v v ¢ 4 ¢ ¢« « 4 4 44w . . 2.67
Length-diameter ratio . . « + ¢« ¢« & « o = o « = & « = « « . 10.96
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TABLE II.- FUSELAGE COORDINATES

Longitudinal station, in.

Radius, in.

0
2.000
.000
6.000
8.000

10.000

11.667

274750

36.500

D530

956
1.280
1.506
1.634
1.667
1.667
1.34k
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Relative wind

Relative wind

Figure 1.- Body =axis system. Arrows indicate positive directions of
forces and moments.
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Figure 2.- Details of model.
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a) Complete configuration.

All dimensions are in inches unless otherwise noted.
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Figure 6.- Effect of wing position on the acrodynamic characteristics in sideslip. Horizontal
tail off.
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(a) M=1.k1.

Figure T.- Effect of horizontal-tail position on the aerodynemic characteristles 1ln sideslip
for low~ and high-wing models.
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Figure 8.- Effect of vertical-tail sweep on aerodynamic characteristics in sideslip.
position; no horizontal tail.
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Figure 9.~ Effect of ventrel fin on the aerodynamic cheracteristics in
sideslip. Midwing position; no horizontal tail; M = 2.01.
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